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DESCRIPTION 

TRANSGENIC PLANTS MODIFIED TO ACCUMULATE FRUCTOOLIGO- 
SACCHARIDES AND PRODUCTION THEREOF 

TECHNICAL FIELD 

The present invention relates to a transgenic plant 
which accumulates f ructooligosaccharides with a high purity 
and a high content, and a process for producing the same. 
More particularly, the present invention relates to a 
process for producing a transgenic plant by expressing a 
gene encoding (3-f ructof uranosidase (such as p- 
f ructof uranosidase derived from a mold) in a plant, to 
accumulate at least one of 1-kestose, nystose, or 1- 
f ructof uranosylnystose . / 

BACKGROUND ART 

Fructooligosaccharides are oligosaccharides in which 
one or more fructoses are bonded to sucrose through a |32->1 
bond, and the 'reducing terminus thereof is glucose. It is 
known that fructooligosaccharides have various physiological 
activities, for example, non-cariogenicity , an activity of 
promoting the growth of bifidobacteria, an activity of 
improving the metabolism of lipids such as cholesterol, or 
an activity of regulating immunity, and thus, 

fructooligosaccharides are industrially useful as functional 
food material. In nature, fructooligosaccharides are widely 
distributed in plants. It is known that 
fructooligosaccharides are contained in, for example, 
asparagus, onion, Jerusalem artichoke, or honey-, but the 
content is low (for example, approximately 2.8 g/100 g 
onion) . 

Recently, a mass production technique of obtaining 
fructooligosaccharides from sucrose by utilizing a transfer 
reaction catalyzed by (3-f ructof uranosidase derived from a 
microorganism was established, and used industrially. The 
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industrially used (3-f ructof uranosidase derived from a mold 

is characterized in that it exhibits a high transfer 

activity and few isomers are produced. Therefore, 

f ructooligosaccharides having a polymerization degree of 3 

to 6 can be efficiently produced by performing an enzyme 

reaction using sucrose as a substrate. In addition, the 

mold (3-f ructof uranosidase was modified to obtain a 0- 

f ructof uranosidase variant capable of producing 

f ructooligosaccharides having a different composition from 

that of f ructooligosaccharides produced by the original p- 

f ructof uranosidase [WO97/34004 (patent reference 1) ] . 

With respect to techniques of transforming plants with 
a specific gene, various crops to which useful features were 
added have been generated, since a gene was introduced into 
tobacco using Agrobacterium tumefaciens. Further, attempts 
to accumulate useful substances in plants were carried out, 
and an accumulation of f ructooligosaccharides in a plant is 
known [WO96/01904 (patent reference 2), WO03/00854 (patent 
reference 3), and "Nature Biotechnology", vol. 16, 1998, p. 
843-846 (non-patent reference 1)]. 

However, an amount of f ructooligosaccharides produced 
in the above references was very small, and isomers of 
f ructooligosaccharides, for example, neokestose or 6-kestose 
as isomers of 1-kestose, were produced [patent reference 2, 
p. 56-59, Fig. 17A and Fig. 17B, and patent reference 3] . 
Further, the amounts of 1-kestose in the roots and leaves of 
a transformant from a beet, in which a storage sugar is 
sucrose, were 73.8 jjmol/g FW (3.7%) and approximately 0.1 
ymol/g -FW, respectively ~ (non-patent reference 1) . 
(patent reference 1) International Publication No. 97/34004 
(patent reference 2) International Publication No. 96/01904 
(patent reference 3) International Publication No. 03/00854 
(non-patent reference 1) "Nature Biotechnology", vol. 16, 
1998, p. 843-846 



(3) 



DISCLOSURE OF THE INVENTION 

The conventional process for producing fructooligo- 
saccharides by fermentation using p-f ructof uranosidase 
derived from a microorganism has not only a problem of high 
production costs, but also a problem of reduction in 
physiological activities (such as prebiotic health effects, 
non-cariogenicity, or low calorie) of oligosaccharides, 
since a monosaccharide (glucose) is produced as a by-product 
Therefore, a step of removing monosaccharides by a 
chromatographic fractionation or the like is required, and 
thus, the production costs are further increased. To solve 
such problems, a process for efficiently producing 
f ructooligosaccharides with a high purity is desired. 

Attempts to accumulate f ructooligosaccharides in plants 
were carried out, but no transgenic plants which accumulate 
f ructooligosaccharides , particularly 1-kestose, nystose, 
and/or 1-f ructof uranosylnystose, with a high purity and a 
high content have been reported. 

The present inventors used a gene encoding p- 
f ructof uranosidase derived from Aspergillus niger, in which 
the expression thereof in plants had not been reported, and 
conducted intensive studies into the preparatoin of gene 
constructs capable of transforming plants. Further, the 
present inventors transformed plants with the gene 
constructs and regenerated plants, to produce transgenic 
plants capable of accumulating f ructooligosaccharides . 
Although naturally-occurring tobaccos do not produce 
f ructooligosaccharides , a transgenic plant of the present 
invention, a transgenic tobacco, has novel features in which 
approximately 3 to 4 ymol/g of 1-kestose is produced and 
accumulated, and isomers of 1-kestose (i.e., 6-kestose and 
neokestose) are not detected. Another transgenic plant of 
the present invention, a transgenic beet, has novel features 
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in which approximately 0.15 ymol/g of 1-kestose is produced 
and accumulated in the leaves, and isomers of 1-kestose 
(i.e., 6-kestose and neokestose) are not detected. 

Therefore, an object of the present invention is to 
provide a process for producing a transgenic plant which 
accumulates one or more fructooligosaccharides, comprising 
transforming a plant with a gene construct comprising a gene 
encoding |3-f ructof uranosidase capable of converting sucrose 
into one or more f ructooligosaccharides, a transgenic plant 
produced by the process, and a progeny plant and a seed 
thereof. Further, another object of the present invention 
is to provide a process for manufacturing one or more 
f ructooligosaccharides , using the transgenic plant of the 
present invention, or the progeny plant or the seed thereof. 

The present invention includes the following 
inventions : 

(1) a process for producing a transgenic plant which 
accumulates a f ructooligosaccharide, comprising: 
transforming a plant with a gene construct comprising a gene 
encoding (3-f ructof uranosidase capable of converting sucrose 
into a f ructooligosaccharide, 

(2) the process of (1), wherein- the gene encoding (3- 

f ructof uranosidase is derived from a microorganism belonging 
to genus Aspergillus , genus Penicillium, or genus 
Scopulariopsis , 

(3) the process of (2), wherein the gene encoding (3- 
f ructof uranosidase is derived from Aspergillus niger, 

(4) the process of (1), wherein the gene encoding (3- 

f ructof uranosidase is selected from the group consisting of: 

(a) a gene consisting of the nucleotide sequence of SEQ ID 
NO: 1, 

(b) a gene comprising the nucleotide sequence of SEQ ID NO: 
1, 

(c) a gene comprising a nucleotide sequence in which one or 
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plural nucleotides are deleted, substituted, or added in the 

nucleotide sequence of SEQ ID NO: l f and encoding (3- 

f ructof uranosidase capable of converting sucrose into a 

f ructooligo saccharide, and 

(d) a gene comprising a nucleotide sequence having an 85% or 
more homology with that of SEQ ID NO: 1, and encoding |3- 
f ructof uranosidase capable of converting sucrose into a 
f ructooligosaccharide, 

(5) the process of any one of (1) to (4), wherein the gene 
construct comprises a gene which encodes p- 

f ructof uranosidase and is operably linked to a constitutive 
promoter, an organ-specific . promoter , or a developmental- 
specific promoter, > 

(6) the process of (5), wherein the promoter is selected 
from the group consisting of: 

(i) a CaMV35S promoter, 

(ii) a sweet potato sporamin A promoter, and 

(iii) a sweet potato sporamin B promoter, 

(7) the process of any one of (1) to (6), wherein the 
transgenic plant is a dicotyledonous plant or a 
monocotyledonous plant , 

(8) the process of (7) , wherein the transgenic plant is a 
plant belonging to Solanaceae, Chenopodiaceae, or Gramineae 
( Poaceae) , 

(9) the process of (8) , wherein the transgenic plant is 
Nicotiana sp., Beta sp. or Saccharum sp., 

(10) a transgenic plant produced by the process of any one 
of (1) to (9), or a progeny plant thereof, 

(1-1)- a- seed of the transgenic plant or progeny thereof of 
(10), and 

(12) a process for manufacturing a f ructooligosaccharide, 
comprising : 

cultivating the transgenic plant or progeny thereof of (10) 
or the seed of (11), and 
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collecting a f ructooligosaccharide accumulated in the plant 
body. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Gene encoding |3-f ructof uranosidase 

(3-f ructof uranosidase is a hydrolase which is classified 
into EC3.2.1.26 in the IUBMB (Nomenclature Committee of the 
International Union of Biochemistry and Molecular Biology) 
classification. (3-f ructof uranosidase which may be used in 
the present invention is not particularly limited, so . long 
as it has an activity of converting sucrose into one or more 
f ructooligosaccharides . • 

The term "f ructooligosaccharide ( s ) " as used herein 
means a fructan having a polymerization degree of 3 or more 
in which one or more fructoses are bonded to sucrose through 
a (32—1 bond, and the reducing terminus thereof is glucose. 
Fructans having polymerization degrees of 3, 4, and 5 are 1- 
kestose, nystose, and 1-f ructof uranosylnystose, respectively 
An object of the present invention is to efficiently produce 
one or more f ructooligosaccharides having polymerization 
degrees of particularly 3 to 5 . 

In the present invention, the selection of a gene 
encoding (3-f ructof uranosidase is important. (3- 
f ructof uranosidases derived from molds have preferred 
features in which f ructooligosaccharides can be efficiently 
produced and few isomers are detected, since they exhibit a 
high specific activity and can act across a wide pH range 
and a wide temperature range, in comparison with 
fructooligo saccharide -genera ting.. enzymes derived- f rom -plant s - 
or bacteria. 

As genes encoding preferred (3-f ructof uranosidases , 
there may be mentioned, for example, genes derived from a 
microorganism belonging to genus Aspergillus, genus 
Penicillium, or genus Scopulariopsis . Genes derived from 
Aspergillus niger are preferable, and include, for example, 
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a gene (SEQ ID NO: 2 in WO97/34004) encoding an enzyme 
derived from Aspergillus niger ACE-2-1 (ATCC20611 ) , a gene 
(SEQ ID NO: 12 in WO97/34004) encoding an enzyme derived 
from Penicillium roqueforti (IAM7254), and a gene (SEQ ID 
NO: 14 in WO97/34004) encoding an enzyme derived from 
Scopulariopsis brevicaulis (IF04843) [the above three genes 
are disclosed in WO97/34004], and a gene (SEQ ID NO: 2 in 
WO99/13059) encoding an enzyme derived from Penicillium 
roqueforti (IAM7254), and a gene (SEQ ID NO: 4 in 
WO99/13059) encoding an enzyme derived from Scopulariopsis 
brevicaulis (IF04843) [the above two genes are disclosed in 
WO99/13059] . 

Further, the gene encoding p-f ructof uranosidase may be 
selected from: 

(a) a gene consisting of the nucleotide sequence of SEQ ID 
NO: 1, 

(b) a gene comprising the nucleotide sequence of SEQ ID NO: 
1, 

(c) a gene comprising a nucleotide sequence in which one or 
plural nucleotides are deleted, substituted, or added in the 
nucleotide sequence of SEQ ID NO: 1, and encoding |3- 

f ructof uranosidase capable of converting sucrose into one or 
more f ructooligosaccharides , or 

(d) a gene comprising a nucleotide sequence having an 85% or 
more homology with that of SEQ ID NO: 1, and encoding p- 

f ructof uranosidase capable of converting sucrose into one or 
more f ructooligosaccharides . 

The above gene (b) is not particularly limited, so long 
as- it comprises the nucleotide sequence of SEQ ID NO: 1 and 
encodes (3-f ructof uranosidase capable of converting sucrose 
into one or more f ructooligosaccharides . As the gene (b) , 
there may be mentioned, for example, a gene consisting of a 
nucleotide sequence in which a nucleotide sequence encoding 
an appropriate marker sequence and/or a partner for fusion 
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is added to the 5' terminus and/or the 3' terminus of the 
nucleotide sequence of SEQ ID NO: 1. 

As the marker sequence, for example, a sequence for 
easily carrying out a confirmation of polypeptide expression, 
a confirmation of intracellular localization thereof, or a 
purification thereof may be used. As the sequence, there 
may be mentioned, for example, a FLAG tag, a hexa-histidine 
tag, a hemagglutinin tag, or a myc epitope. 

As the partner for fusion, there may be mentioned, for 
example, a polypeptide for purification [for example, 
glutathione S-transf erase (GST) or a fragment thereof] , a 
polypeptide for detection [for example, hemagglutinin or (3- 
galactosidase a peptide (LacZ a) , or a fragment thereof] , or 
a polypeptide for expression (for example, a signal 
sequence) . 

In the gene (c) , the number of nucleotides to be 
deleted, substituted, or added is, for example, 1 to 60, 
preferably 1 to 30, more preferably 1 to 15. 

More particularly, genes encoding variants obtainable 
by procedures described in Examples Dl to Dll of WO97/34004 
may be used. The variants of (3-f ructof uranosidase derived 
from Aspergillus niger ATCC20611 include variants F170W, 
G300W, H313K, E386K, F170W+G300W, F170W+G300W+H313R, 
G300W+H313K, G300V+H313K, G300E+H313K, G300D+H313K, 
F170W+G300W+H313K, and F170W+G300V+H313K. In this 
connection, each name of the variants indicates the original 
amino acid, the nucleotide number, and an amino, acid 
replaced by substitution. For example, the term "F170W" 
- ~ means that the original" amino acid, phenylalanine (F) at the 
170th position was replaced with tryptophan (W) . Further, 
multiple mutations are represented by the symbol "+". For 
example, the term "F170W+G300V+H313K" means that 
phenylalanine, glycine (G) , and histidine (H) at the 170th, 
300th, and 313th positions were replaced with tryptophan, 
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valine (V) , and lysine (K) , respectively. 

The gene encoding (3-f ructof uranosidase can be prepared, 
preferably, in accordance with procedures described in 
WO97/34004 or WO99/13059. More particularly, by reference 
to Example A and Example Dl of WO97/34004, plasmid pAN120 
(Fig. 6 in WO97/34004) can be prepared and digested with 
BamRI to obtain a cDNA of £-f ructof uranosidase (FFase) 
derived from Aspergillus niger ATCC20611. 

In the gene (d) , the homology with the nucleotide 
sequence of SEQ ID NO: 1 is preferably 90% or more, more 
preferably 95% or more, still further preferably 98%- or more 
most preferably 99% or more. The term "homology" as used 
herein means a value obtained by a known program for a 
homology search, BLAST (Basic local alignment search tool; 
Altschul , S . F . et al., J.Mol.Biol., 215, 403-410, 1990). 
Gene construct 

The gene encoding p-f ructof uranosidase, obtainable by 
the above-mentioned procedures, or a plasmid containing the 
gene may be used to prepare a gene construct (such as a 
binary vector or plasmid for plants) capable of being 
expressed in plants. 

In addition to the gene encoding p-f ructof uranosidase 
and an appropriate promoter active in a plant body, the gene 
construct which may be used in the present invention may 
contain, for example, an appropriate terminator (such as a 
nopaline synthase gene terminator or a CMV35S terminator) , 
an element useful for an expression regulation, and/or an 
appropriate marker gene for a transformant selection (for 
example, drug-resistant genes "such as a kanamycin-resistant 
gene, a hygromycin-resistant gene, or a G418 resistant gene) 

As the appropriate promoter active in a plant body, 
there may be mentioned, for example, a constitutive promoter 
an organ-specific promoter, or a developmental-specific 
promoter. The constitutive promoter is a promoter in which 
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a constant expression is performed regardless of the organs 
or growth conditions of a plant. As the constitutive 
promoter, for example, a cauliflower mosaic virus 35S 
promoter may be used. The organ-specific promoter is a 
promoter in which an expression is specifically performed in 
a specific organ (such as roots, leaves, or stems). As the 
organ-specific promoter, a sporamin A promoter or a sporamin 
B promoter may be used. The developmental-specific promoter 
is a promoter in which an expression is specifically 
performed in a specific developmental stage (such as a 
germination period or a bearing period) . The promoter may 
be appropriately selected in accordance with, for example, a 
host to be used, or an organ, tissue, and/or developmental 
stage to be expressed. When the promoter used in the present 
invention is introduced into a plant, an RNA polymerase 
specifically binds to the promoter, and a transcription 
begins in the downstream direction. Preferred promoters 
include: 

(i) a cauliflower mosaic virus 35S promoter (a CaMV35S 
promoter) , 

(ii) a sweet potato sporamin A promoter, and 

(iii) a sweet potato sporamin B promoter. 
For example, when the gene encoding (3- 

f ructof uranosidase is expressed in tuberous roots, sweet 
potato sporamin promoters are preferable. As a storage 
protein, sweet potato ( Ipomoea batatas) produce . sporamins , 
which account for 60% to 80% of the total soluble proteins 
contained in sweet potato tuberous roots. Genes encoding 
. the _ sporamins-f o-rm a multigene family, "and are classified 
into sporamin A genes and sporamin B genes on the basis of 
homologies. Each gene has a promoter which is specifically 
expressed in tuberous roots. The sporamin promoters are 
induced by saccharides, particularly sucrose. 

The procedure for constructing the gene construct which 
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may be used in the present invention is not particularly 
limited, but it may be prepared, for example, by the 
following procedure. A cDNA of (3-f ructof uranosidase derived 
from Aspergillus niger is inserted into the BamHI site 
located downstream of the CaMV35S promoter in plasmid pBI121 
(Clonetech) to obtain a binary vector. If necessary, a (3- 
glucuronidase gene may be removed. In the binary vector, 
the CaMV35S promoter is linked to the upstream side of the 
(3-f ructof uranosidase gene, and a heparin synthase gene 
terminator derived from a Ti plasmid is linked to the 
downstream side of the [3-f ructof uranosidase gene. Therefore, 
the (3-f ructof uranosidase gene on the binary vector can be 
expressed in a plant. Further, the binary vector contains, a 
kanamycin-resistant gene, and can give a kanamycin 
resistance to a plant or a microorganism such as Escherichia 
coli . 

Introduction and expression of (3-f ructof uranosidase gene in 
plant 

A method which may be used for introducing a gene into 
a plant is not particularly limited, and any method known to 
those skilled in the art as a gene introduction method for 
plant cells or a plant can be used. For example, as a 
preferred embodiment of the present invention, an 
agrobacterium may be used for introducing the gene construct 
into a plant. When an agrobacterium is used for 
transforming a plant, border sequences of a T-DNA region can 
be linked at the sites adjacent to the nucleotide sequence 
to be introduced. An appropriate procedure for constructing 
a vector for' transformation "using 'such a T-DNA is known to 
those skilled in the art. 

As other embodiments, there may be mentioned, for 
example, an introduction method using calcium and/or 
polyethylene glycol, an electroporation method, or a 
particle gun method. 
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The plant in which the gene encoding |3- 
f ructof uranosidase may be introduced is not particularly 
limited, but a dicotyledonous plant or a monocotyledonous 
plant is preferable. A plant belonging to Solanaceae or 
Chenopodiaceae and a plant belonging to Gramineae (Poaceae) 
are more preferable as the dicotyledonous plant and the 
monocotyledonous plant, respectively. A plant belonging to 
Nicotiana sp., Beta sp. or Saccharum sp. is still further 
preferable. Tobacco (Nicotiana tabacum) , beet (sugar beet: 
Beta vulgaris var. rapa, table beet: Beta vulgaris var. 
rubra, chard: Beta vulgaris var. vulgaris, or Beta vulgaris 
alba: Beta vulgaris var. alba), or sugar cane (Saccharum 
officinarum), or protoplasts thereof are most preferable. 
Beet and sugar cane are sucrose-storage plants, and 
advantageous effects may be obtained in the production of 
fructooligosaccharides, by expressing the 

f ructof uranosidase gene in an organ or tissue for sucrose 
storage thereof. 

As a method for introducing the gene construct 
containing the gene encoding (3-f ructof uranosidase according 
to the present invention into a chromosome of a plant, for. 
example, a leaf disk method (Horsh et al., Science, 227, 
1229-1232, 1985) is preferable. More particularly, 
Agrobacterium tumefaciens is cultivated with shaking in a 
YEP liquid medium supplemented with streptomycin, for 
example, at 28 °C for 8 to 9 hours, and protoplasts 
(competent cells) are prepared by a conventional method. 
The gene construct containing the gene encoding (5- 
: ._ f ructof uranosidase -is added to the competent cells, and the 
whole is mixed gently and allowed to stand on ice. The 
mixture is transferred to a cuvette with electrodes at a 2 
mm width (Gene Pluser/E. Coli Pulser™ Cuvette, BIO-RAD) , and 
electroporation is carried out by an electroporation device 
[for example, GENE PULSER(R)II system, BIO-RAD] in 
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accordance with a manual attached thereto. The treated 
mixture, together with the YEP liquid medium, are cultivated 
at 28 °C for 2 to 4 hours under stationary conditions, and 
further cultivated in an LB medium supplemented with an 
antibiotic such as kanamycin, to obtain transf ormants . 

The transf ormants are cultivated in the YEP liquid 
medium, and the culture liquid is added to leaf disks 
obtained from leaves of a plant cultivated under sterile 
conditions. Cultivation is carried out in a differentiation 
medium to form and grow calli. As the differentiation 
medium for plants, known media such as an MS medium 
(Murashinge and Skoog, Physiol. Plant., 15, 473-497, 1962) 
may be used. A differentiation medium for selection may be 
used to select desired calluses. For example, a medium 
supplemented with 50 mg/L to 200 mg/L of kanamycin may be 
used. 

Further, a root differentiation medium prepared by 
adding kanamycin or the like to a known medium such as the 
MS medium may be used to regenerate a plant body. A shoot 
may be transferred and cultivated to obtain a plant body 
(transgenic plant). Seeds of the plant may be cultivated to 
obtain progeny plants and seeds. 

The term "plant" as used herein, for example, 
transgenic plant or progeny plant, includes not only a plant 
body as the whole of a living body, but also a part thereof, 
such as organs (for example, a leaf, stem, root, flower, or 
fruit), tissues, and cells. 

Collection and analysis of f ructooligosaccharides contained 
^ i n -t ransg eni c p la h t 

The collection and analysis of f ructooligosaccharides 
contained in the transgenic plant of the present invention 
may be carried out as described below. Each organ (such as 
roots, stems, or leaves) of a plant is ground in liquid 
nitrogen, and a desired amount of powder is weighed. A 
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determined amount of distilled water is added to the powder, 
and sufficiently stirred. The supernatant is collected by 
centrif ugation, and analyzed by known methods such as thin 
layer chromatography or high performance liquid 
chromatography to confirm a generation and accumulation of 
f ructooligosaccharides contained in the plant. 

EXAMPLES 

The present invention now will be further illustrated 
by, but is by no means limited to, the following Examples. 
Example 1: Introduction of [3-f ructof uranosidase gene into 
tobacco 

(1) Preparation of binary vector containing CaMV35S promoter 

Plasmid pAN120 (Fig. 6 in WO97/34004) prepared by 
reference to Example A and Example Dl of WO97/34004 was 
digested with BamHI to obtain a BamHI-BamHI fragment of 
approximately 1.9 kb containing a cDNA (SEQ ID NO: 1) of 
f ructof uranosidase (FFase) derived from Aspergillus niger 
ATCC20611. Plasmid pBI121 (Clonetech) , which had been 
digested with BamHI, was ligated to the BamHI-BamHI fragment 
containing the FFase cDNA by a DNA Ligation Kit Ver.2 
(Takara Shuzo) , to obtain a binary vector in which the FFase 
gene was inserted into the downstream side of a CaMV35S 
promoter in pBI121. 

(2) Preparation of binary vector containing sweet potato 
sporamin A promoter 

A sweet potato sporamin A promoter was prepared in 
accordance with the method described in Hattori, T., and 
Nakamura, K,. "Plant Mol. Biol.", Vol. 11, -198 8, p. 417-426. 
The sporamin A promoter was digested with Hindlll to obtain 
a Hindi I I -Hindi I I fragment (approximately 1 kbp) of the 
sporamin A promoter. 

Plasmid pBHOl (Clonetech) was digested with Smal and 
SacI, and was blunted and self-ligated to obtain plasmid 
pBHOl-GUS from which a ^-glucuronidase gene was removed. 
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The plasmid pBHOl-GUS, which had been digested with 
Hindlll, was ligated to the Hindi I I -Hindi I I fragment of the 
sporamin A promoter by the DNA Ligation Kit Ver.2. The 
ligated plasmid was digested with BamRI , and ligated to the 
BamRI-BamRI fragment containing the FFase cDNA, prepared in 
Example 1(1), by the DNA Ligation Kit Ver.2, to prepare a 
binary vector in which the sporamin A promoter was inserted 
into the Hindi 1 1 site of pBHOl-GUS and the FFase gene was 
inserted into the BamRI site located downstream thereof. 

(3) Preparation of vector containing sweet potato sporamin B 
promoter 

A sweet potato sporamin B promoter was prepared in 
accordance with the method described in Hattori, T., and 
Nakamura, K, "Plant Mol. Biol.", Vol. 11, 1988, p. 417-426. 
The sporamin B promoter was digested with Hindi I I and PstI 
to obtain a Hindlll-PstI fragment (approximately 0.75 kbp) 
of the sporamin B promoter. The fragment was inserted into 
the multi-cloning site of plasmid pBlueScript KS(-). The 
resulting plasmid was digested with BamRI 9 and ligated to 
the BamHI-BamHI fragment containing the FFase cDNA, prepared 
in Example 1(1), by the DNA Ligation Kit Ver.2. The 
resulting plasmid was digested with Hindi I I and Xbal to 
obtain a fragment of approximately 2.7 kbp containing the 
sporamin B promoter and the FFase gene located downstream 
thereof. The plasmid pBHOl-GUS, prepared in Example 1(2), 
was digested with Hindi I I and Xbal, and ligated to a 
fragment of approximately 2.7 kbp by the DNA Ligation Kit 
Ver.2, to obtain a binary vector in which the sporamin B 
-gene and the" FFase "gene located" downstream thereof were 
inserted into the Hindlll-Xjbal site of pBHOl-GUS. 

(4) Gene introduction into tobacco and regeneration of plant 

Agrobacterium tumefaciens LBA4404 (Plasmid, Vol. 7, 
1982, p. 15) was cultivated with shaking in 250 mL of a YEP 
liquid medium supplemented with streptomycin at 28 °C for 8 
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to 9 hours (until O.D.600 = 0.5). 

Composition of YEP liquid medium (q/100 mL) 
Bacto-peptone 1 g 
Bacto-yeast extracts 1 g 
Sodium chloride 0.5 g 

Cells were collected by centrifugation, and suspended 
in 200 mL of an ice-cold 10% glycerol solution [9.31% (W/V) 
sucrose, 10% (V/V) glycerol, and 1 mmol/L magnesium chloride] 
The procedure was repeated three times. Further, 20 to 30 
mL of the ice-cold 10% glycerol . solution was added, and the 
cells were suspended and centrifuged. The cells were 
suspended in 400 to 600 jiL of the ice-cold 10% glycerol 
solution, and the suspension was quick-frozen with liquid 
nitrogen to prepare competent cells. 

Each (1 \xL) of three binary vector DNAs prepared in 
Examples 1(1), 1(2), and 1(3) was added to the competent 
cells (50 iaL) , and mixed gently and allowed to stand in ice 
for 30 seconds or more. Each mixture was transferred to a 
cuvette with electrodes at a 2 mm width (Gene Pluser/E. Coli 
Pulser™ Cuvette, BIO-RAD) , and electroporation was carried 
out by an electroporation device [GENE PULSER (R) II system, 
BIO-RAD] in accordance with a manual attached thereto. To 
each treated mixture, 1 mL of the YEP liquid medium was 
added, and a stationary cultivation was carried out at 28 °C 
for 2 to 4 hours. A further cultivation in an LB medium 
supplemented with kanamycin was carried out, to obtain 
transf ormants transformed with each of three binary vector 
DNAs. 

- Compos it ion of LB medi urn (g/100 ^mL ) 



Bacto-tryptone 1 g 

Bacto-yeast extracts 0.5 g 

Sodium chloride 0.5 g 

( kanamycin 15 yig/mL) 



The obtained transf ormants were cultivated in the YEP 
liquid medium at 28 °C with shaking to obtain each culture 
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solution (cultured until O.D.550 = 1.0). Leaf disks (5 to 7 
mm)- were cut from sterile leaves of tobacco (Nicotians 
tabacum Samsun NN strain) cultivated under sterile 
conditions, and dipped in an MS liquid medium. Each of the 
obtained culture solutions was added on the leaf disks and 
allowed to stand for 30 minutes. 

MS medium (mg/L) (pH 5.7) 



NH4NO3 1,650 

KNO3 1,900 

CaCl 2 -2H 2 0 440 

MgS0 4 - 7H 2 0 370 

KH 2 P0 4 170 

H3BO3 6.2 

MnS0 4 -4H 2 0 22.32 

ZnS0 4 -7H 2 0 8.6 

KI 0.83 

Na 2 Mo0 4 -2H 2 0 0.25 

CuS0 4 -5H 2 0 0.025 

CoCl 2 -6H 2 0 0.025 

EDTA-Na 2 37 . 3 

FeS0 4 -7H 2 0 27.8 

myoinositol 100 

glycine 2.0 

pridoxine hydrochloride 0.5 

nicotinic acid 0.5 

thiamine hydrochloride 0.1 

sucrose 30, 000 

agar 9 



[Agar was not added when preparing the liquid medium. ] 

The surplus culture solutions were removed from the 
leaf disks using sterile filter papers, and the leaf disks 
were placed with the back thereof facing upward in an MS 
shoot differentiation medium A, and cultivated in "the dark 
at 25 °C for 3 to 4 days. The leaf disks were transferred to 
an MS shoot differentiation medium B, and cultivated at 25 °C 
(16 hours in the light/8 hours in the dark) . After 3 to 4 
weeks, the leaf disks were transferred to another fresh MS 
shoot differentiation medium B. When shoots were grown to a 
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length of approximately 1 cm, the shoots only were 
transferred to an MS shoot differentiation medium C, to 
obtain whole plant bodies. The obtained plant bodies were 
subcultured in MS agar media. In this connection, the MS 
shoot differentiation media A to C were prepared by adding 
the following compounds to the MS medium, respectively. 

MS shoot differentiation medium A 
streptomycin 15 mg/L 
kanamycin 150 mg/L 

MS shoot differentiation medium B 
carbenicillin 500 mg/L 
kanamycin 150 mg/L 

MS shoot differentiation medium C 
kanamycin 100 mg/L 

(5) Confirmation of ft-f ructof uranosidase gene introduction 
into tobacco plant 

(5a) Isolation of total DNAs from tobacco plant 

Leaf tissues (50 to 100 mg) were prepared from tobacco 
plants obtained by using binary vectors prepared in Examples 
1(1), 1(2), and 1(3), frozen at -80°C, and thawed by adding 
100 jiL of an extraction buffer. 

Extraction buffer 

urea 

2-mercaptoethanol 
phenol 

sterile water 

2*stock solution for extraction 
buffer [composition] 
NaCl 

- - - - Tri-s--HCl (pH7 .5')" 
EDTA (pH8 . 0) 
SDS 



5 mol/L 
10 mmol/L 
5% (v/v) 
1 volume 

1 volume 
0 . 6 mol/L 
0 . 1 mol/L 
40 mmol/L 

1% (w/v) 



The leaf tissues were ground by a sonicator for 1 or 2 
minutes, and a DNeasy Plant Mini Kit (QIAGEN) was used in 
accordance with a manual attached thereto, to obtain tobacco 
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total DNAs. 

(5b) Detection of introduced gene by PCR method 

Primers were designed on the basis of sequences 
upstream and downstream of the region in which the (3- 
f ructof uranosidase gene was introduced. 

As primers for detecting the plant obtained by using 
the binary vector prepared in Example 1(1), the following 
primers were designed on the basis of sequences of the 
CaMV35S promoter region (3' side) and the nos-Ter. region 
(5' side) : 
CaMV35S: 

5' -TTCCTCTATATAAGGAAGTTCATTTCA-3' (SEQ ID NO: 2) 
nos-Ter : 

5 ' -ATAATTTATCCTAGTTTGCGCGCTATA- 3 ' (SEQ ID NO: 3) 

With respect to primers for detecting the plant 
obtained by using the binary vector prepared in Example 1(2) 
the SP0A1S primer used when preparing the sweet potato 
sporamin A promoter, and an FFaseRev primer designed on the 
basis of the downstream region of the (3-f ructof uranosidase 
gene sequence were used, as the upstream primer and the 
downstream primer, respectively. 
SP0A1S: 

5' -TAAGCTTAATTTACTAATTTGGGGTTTTAC-3' (SEQ ID NO: 4) 
FFaseRev: 

5 ' -AGAGCCCCTCCGACACGGAGACATTCC- 3 ' (SEQ ID NO: 5) 

With respect to primers for detecting the plant 
obtained by using the binary vector prepared in Example 1(3) 
the SP0B1S2 primer used when preparing the sweet potato 
sporamin B promoter, and the above FFaseRev primer (SEQ ID 
NO: 5) designed on the basis of the downstream region of the 
|3-f ructof uranosidase gene sequence were used, as the 
upstream primer and the downstream primer, respectively. 
SP0B1S2: 

5' -TAAGCTTTAGGTTCACTCACCTTAAGTTTC-3 ' (SEQ ID NO: 6) 
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Each of the total DNAs prepared in Example l(5a) was 
used as a template to carry out PCR, and amplified gene 
fragments were observed. From the total DNAs prepared from 
the plant obtained by using the binary vector prepared in 
Example 1(1), a fragment of approximately 4 kbp containing 
the p-f ructof uranosidase gene (approximately 1.9 kbp) and 
the GUS gene (approximately 2 kbp) was confirmed. From the 
total DNAs prepared from the plant obtained by using the 
binary vector prepared in Example 1(2) or Example 1(3), a 
fragment of approximately 3 kbp ' containing the sporamin 
promoter (approximately 1 kbp) and the (3-f ructof uranosidase 
gene (approximately 1.9 kbp) was confirmed. 
Example 2: Analysis of f ructooligosaccharides in tobacco 
plant 

Fructooligosaccharides contained in the stem of the 
tobacco transformant obtained in accordance with the 
procedures described in Example 1(4) using the binary vector 
(containing the sweet potato sporamin B promoter) prepared 
in Example 1(3) were analyzed as follows. Similarly, the 
original tobacco strain (i.e., not transformed) was analyzed. 

The lower portions (1.5 g fresh weight) of stems of 
tobacco plants grown to a height of 30 cm or more were 
ground in the presence of liquid nitrogen, and pure water 
(1.5 mL) was added thereto and stirred. After an incubation 
at 80 °C to 85 °C for 1.5 hours, the mixture was centrifuged, 
and the resulting supernatant was used for the following 
analysis. In the analysis by high performance liquid 
chromatography, a detector (Differential ref ractometer 410; 
Waters) and a column [Hibar Lichrbcart 250-4 LiChrospher 
100NH 2 (4 mm I.D. * 250 mm); Kanto Chemical Co., Inc.] were 
used. The analysis conditions were as follows: 

mobile phase: acetonitrile : water = 72:28 

flow rate: 1.0 mL/min. 

temperature: 40 °C 
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The results are shown in Table 1 . 
Table 1 





tobacco 
(original strain) 
(]imol/gFW) 


tobacco 
(transgenic plant of the 
present invention) 
(yimol/gFW) 


fructose 


1.8 


3.0 


glucose 


4 . 8 


8.9 


sucrose 


15.7 


9.8 


1-kestose 


0.0 


3.6 


nystose 


0.0 


0.9 



Although tobacco does not produce fructooligo- 
saccharides, it was confirmed that 1-kestose (GF 2 ) and 
nystose (GF3) as f ructooligosaccharide components were 
remarkably produced and accumulated in the stems of tobacco 
transformed by the method of the present invention (i.e., 
transgenic plant). Further, . isomers of 1-kestose, i.e., 6- 
kestose and neokestose, were not detected (not shown in 
Table 1) . 

Example 3: Introduction of [3-f ructof uranosidase gene into 
beet and analysis of f ructooligosaccharides in beet plant 

The f ructof uranosidase gene was introduced into a beet 
plant in accordance with the agrobacterium method as 
described in Example 1(4). As the (3-f ructof uranosidase gene 
to be introduced, the binary vector prepared in Example 1(1) 
was used. 

The procedures from the gene introduction to the plant 
regeneration were carried out in_ accordance with, the . - - 
procedures described in Example 1(4), except for minor 
changes of media as described below. After the gene was 
introduced into leaf disks cut from beet leaves, the leaf 
disks were cultivated in an MS shoot differentiation medium 
D, and transferred to an MS shoot differentiation medium E. 
When shoots were grown to a length of approximately 1 cm, 
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the shoots were transferred to the MS shoot differentiation 
medium C, to generate plant bodies. In this connection, the 
MS shoot differentiation media D and E were prepared by 
adding the following compounds to the MS medium, 
respectively. 

MS shoot differentiation medium D 



naphthalene acetic acid 


1 mg/L 


streptomycin 


15 mg/L 


kanamycin 


150 mg/L 


MS shoot differentiation 


medium E 



benzyladenine 1 mg/L 

naphthalene acetic acid 1 mg/L 
streptomycin 15 mg/L 

kanamycin 150 mg/L 

Leaves [0.3 gFW (fresh weight)] of beet plants were 
ground in the presence of liquid nitrogen, and pure water (1 
mL) was added thereto and stirred. After an incubation at 
80 °C to 85 °C for 1.5 hours, the mixture was centrifuged, and 
the resulting supernatant was used for the HPLC analysis, as 
described in Example 2. As a result, 0.15 jamol/gFW of 1- 
kestose was detected. Further, isomers of 1-kestose, i.e., 
6-kestose and neokestose, were not detected. 

INDUSTRIAL APPLICABILITY 

According to the present invention, transgenic plants 
which accumulate f ructooligosaccharides with a high purity 
and a high content in the bodies thereof can be obtained, 
and f ructooligosaccharides can be efficiently produced. 

FREE. TEXT _ IN SEQUENCE LI-STING ~ ~ ~" ' * " ~ ~ ' 

Features of "Artificial Sequence" are described in the 
numeric identifier <223> in the Sequence Listing. More 
particularly, the nucleotide sequences of SEQ ID NOS : 2 to 6 
are primer CAMV35S, primer nos-Ter, primer SPOA1S, primer 
FFaseRev, and primer SPOB1S2, respectively. 
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Although the present invention has been described with 
reference to specific embodiments, various changes and 
modifications obvious to those skilled in the art are 
possible without departing from the scope of the appended 
claims . 



